ABSTRACT Ten patients with severe respiratory failure secondary to extensive pulmonary tuberculosis and thoracoplasty have been treated with intermittent negative-pressure ventilation. All recovered and have been followed up for from six months to eight years. Two have died from unrelated causes and six have used some form of breathing aid at home. Negative-pressure ventilation, which is a non-invasive form of respiratory support, offers important benefits in selected cases.
Thoracoplasty played an important part in the management of pulmonary tuberculosis before the advent of effective chemotherapy. In 1947 Holmes Sellors reported a series of 633 patients operated on between 1935 and 19461 and the work potential of about two-thirds of the 588 who had been traced was regarded as normal. In a later series from the same centre, Gough et a12 described the outcome in 231 patients followed after thoracoplasty for six to eight years. Again the results were good but four late postoperative deaths were attributed to cor pulmonale. Pulmonary fibrosis and thoracic cage deformity caused by tuberculosis and thoracoplasty were considered to have contributed to these deaths, although a history of chronic bronchitis with emphysema was noted in all four and tuberculosis was quiescent at death in only two. Since then, chest wall deformity combined with extensive and often bilateral pulmonary fibrosis has been recognised more widely as a cause of respiratory failure and cor pulmonale, often presenting many years after the thoracoplasty. We report here a series of 10 such patients, whose cardiorespiratory failure proved refractory to conventional treatment and who were managed by intermittent negative-pressure ventilation.
Patients and methods
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-al intubation and intermittent positive-Respiratory failure after thoracoplasty: treatment by intermittent negative-pressure ventilation pressure ventilation are used to treat a small proportion of patients with acute or acute-on-chronic respiratory failure.78 The results are best in those with a reversible condition such as severe acute asthma, whereas the mortality is higher in those with chronic disease, particularly when the immediate cause of deterioration is trivial and is superimposed on a considerable degree of disability. ' The adverse prognosis in this group can be attributed in part to the complications of treatment-in particular, the need for sedation to relieve the discomfort of endotracheal intubation, hypotension and a reduction in cadiac output when positive-pressure ventilation is established, an increased incidence of pneumonia and pneumothorax, disorders of the gastrointestinal tract, and above all difficulty in restoring spontaneous ventilation and achieving successful extubation.
Once initiated, intermittent positive-pressure ventilation cannot be interrupted or withdrawn prematurely. Understandably, therefore, aggressive treatment is often withheld in all but the most favourable cases. By these criteria, the patients in this group would be considered unsuitable for intubation and positive-pressure ventilation, and indeed it was the failure to restore spontaneous ventilation in four who had been treated in this way that prompted a trial of an alternative technique.
Cabinet respirators, capable of.providing ventilation by applying a negative pressure to the trunk, have fallen into disuse during the last 20 years. They do, however, offer a number of advantages in selected cases. There is no need for sedation to relieve discomfort or diminish spontaneous respiratory effort, there is no interference with feeding, patients can receive and communicate with their visitors, treatment does not predispose to the development of pulmonary complications such as infection or pneumothorax, and it can be interrupted for short periods without ill effect. In the patients we report here negative-pressure ventilation was successful and devoid-of complications in all cases and none of those requiring further periods of treatment expressed any reluctance or distaste.
Although it is easy to understand that relief of arterial hypoxaemia, improved elimination of carbon dioxide, and cessation of the work of breathing all contribute to immediate improvement, it is more difficult to understand how the benefit has been sustained. The ventilatory response to an increase in arterial carbon dioxide tension will be improved once the biochemistry of the blood and cerebrospinal fluid has been restored to normal,9 and eliminating the sleep deprivation which often accompanies respiratory insufficiency may also enhance ventilatory drive.0 "" Right ventricular function will improve when the pulmonary vascular resistance is lowered by relief of hypoxia and acidosis; and possibly mechanical ventilation helps to restore mobility of the chest wall, so lessening the work of breathing.
Several patients have been maintained in good health by the use of some form of respiratory assistance at home, although the nature of any benefit provided in this way is obscure. Alleviating respiratory muscle fatigue and preventing or minimising deterioration of arterial blood gas tensions during sleep'2 may contribute; alternatively, improvement in lung compliance sustained for some hours after a period of forcible hyperinflation may diminish the work of breathing and improve gas exchange. '3 Further work is needed to determine whether prolonged mechanical assistance to respiration is beneficial and, if so, when it should be used.
